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Cross-Reference to the Related Applications 

This Application is a national phase of PCT application 
No. PCT/ JP2004/013515 filed on September 16, 2004, the entire 
contents of which are incorporated by reference. This 
application also claims benefit of priority under 35 U.S.C. § 
119 to Japanese Patent Application No. 2004-039130 filed on 
February 17 , 2004 , the entire contents of which are incorporated 
by reference. 

Technical Field 
[ 0001 ] 

The present invention relates to an optical transmission 
system including an optical transmitter, an optical receiver, 
and an optical transmission line connecting the optical 
transmitter and the optical receiver. More particularly, the 
invention relates to an optical transmission system realizing 
high-speed optical transmission over greater distance by 
suppressing waveform degradation caused by mode dispersion and 
mode transition in a multimode optical transmission line. 

Background Art 
[ 0002 ] 

Hitherto, a multimode optical fiber as an optical 
transmission line in which a plurality of modes can propagate 
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Is widely used for LANs (local area networks) in the same floor 
and among floors in a building and among buildings for the 
following reasons. A connection work is easy since the core 
diameter is large as about 50 jam or about 62.5 |un. Peripheral 
devices and parts’ of the multimode optical fiber are low in price. 
[0003] 

As described above, in the conventional optical 
transmission system, as shown in FIG. 13, an optical transmitter 
2 and an optical receiver 3 are connected to each other by using 
a multimode optical fiber 1 as an optical transmission line in 
which a plurality of modes can propagate. 

[0004] 

In recent years, as the performance of computers. is 
becoming higher and image data increases, higher speed of the 
optical transmission lines is demanded. However, in the case 
of an optical transmission system having a conventional 
configuration as shown in FIG. 13, because of waveform 
degradation caused by variations in propagation delay among a 
plurality of modes (mode dispersion) propagating through the 
multimode optical fiber 1 , the transmittable distance is limited 
to about 82m at 10 Gbits/s and, even with a recent multimode 
optical fiber having a wide bandwidth ( 2000 MHz-km) , about 300m. 
[0005] 

Consequently, in a building in which an old optical fiber 
has been laid, in the case of increasing the speed of a network 
from 100 Mbits/s or 1 Gbxts/s to 10 Gbits/s, the transmission 
distance is not sufficient . In many cases , a single-mode optical 
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fiber or a wide -band multimode optical fiber has to be newly 
laid. It causes a problem such that a large amount of cost is 
necessary . 

[0006] 

On the other hand, as a method of avoiding the influence 
of mode dispersion in the case where a multimode optical fiber 
is used, an invention is disclosed such that the lowest-order 
mode is excited on the transmitter side by a structure that a 
single-mode optical fiber 4 is connected at the inlet part of 
the multimode optical fiber 1, for example, as shown in FIG. 
14 (refer to, for example, patent document 1). 

[0007] 

Another invention realizing transmission of a wider band 
by using light of short wavelength of 0 . 6 pm to 1 . 0 pm is disclosed 
(refer to, for example, patent document 2). According to the 
invention, in the case where a step index optical fiber having 
a core diameter of about 10 pm displaying a single-mode 
transmission characteristic at long wavelengths of 1.2 pm to 
1.7 pm but displaying a multimode transmission characteristic 
at short wavelengths of 0.6 pm to 1.0 pm as mode regulations 
on the receiver side is used as an optical transmission line, 
a step index optical fiber having a core diameter of about 6 
pm displaying the single mode transmission characteristic also 
at short wavelengths of 0.6 pm to 1.0 pm is connected at the 
outlet part. 

Patent document 1: US Patent No. US6,185,346 

Patent document 2: Japanese Patent Application Laid-Open No. 
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2003-21723. 



Disclosure of Invention 

Problems to be solved by the Invention 
[0008] 

According to the invention described in the patent document 
1, however, even when only the lowest-order mode is excited at 
the inlet part , occurrence of high-order modes cannot be avoided 
because an optical fiber is bent or stressed in some points in 
the optical transmission line. In the invention, high-order 
modes on the receiver side are not considered. Consequently, 
there is a drawback such that, due to the influence of mode 
dispersion caused by high-order modes generated during 
propagation, waveform degradation cannot be avoided. 

[0009] 

In the invention described in the patent document 2, a 
single-mode optical fiber of a step index type having a core 
diameter of about 10 pm (multimode operations at short 
wavelengths) is assumed as the optical transmission line. The 
invention is expanded to a step index multimode optical fiber 

4 

having a larger core diameter of, for example, 50 pm (multimode 
operations at both short and long wavelengths), the diameter 
of a base mode to be excited is as large as about 40 pm. The 
coupling loss with a single-mode optical fiber (as an optical 
fiber for excitation ) having a mode diameter of about 1 0 pm becomes 
unignorably large as 6 dB or higher per connection point . There 
is a problem such that the invention is not practical. 
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[ 0010 ] 

On the other hand, the multimode optical fibers include 
not only the step index multimode optical fiber but also a 
graded-index multimode optical fiber. 

[ 0011 ] 

In the graded-index multimode optical fiber, a refractive 
index distribution in the core has position dependence in order 
to suppress waveform degradation caused by variations in 
propagation delay among a plurality of modes propagating on the 
inside (mode dispersion) . 

[ 0012 ] 

However, in a conventional configuration of an optical 
transmission system standardized in "IEEE802 . 3 (revised in 2002) 
and IEEE802.3ae (2002)", even when a graded-index multimode 
optical fiber in which mode dispersion is suppressed, is used, 
the propagation distance is strictly limited to the distance 
as long as that described above because mode dispersion degrades 
waveform . 

[0013] 

Against such a backdrop, the applicants of the present 
inventionhave filed Japanese Patent Application No . 2003-296968 . 
The application discloses a method of increasing transmission 
distance by avoiding the influence of mode dispersion in the 
case where a graded-index multimode optical fiber is used as 
an optical transmission line. In the method, an excitation 
mechanism is provided between an optical transmitter and the 
inlet of the optical transmission line or in some midpoint of 
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the optical transmission line to excite only a specific mode 
(concretely, the base mode). At the same time, a transmission 
mechanism is provided in some midpoint of the optical 
transmission line or between the optical outlet of the optical 
transmission line and the optical receiver to transmit only the 
specific mode (concretely, the base mode) . 

[0014] 

FIG. 15 shows the configuration of an optical transmission 
system disclosed by the applicants of the present invention. 
Shown in the diagram are a graded- index multimode optical fiber 
10, an optical transmitter 11 that emits coherent light, a 
coherent light source 12 which can be directly modulated, a 
single-mode optical fiber 13 for excitation, a single-mode 
optical fiber 14 for transmission, and an optical receiver 15. 
[0015] 

In the optical transmission system disclosed by the 
applicants, mode components transferred from the specific mode 
within the optical transmission line are eliminated by the 
single-mode optical fiber 14 for a transmission mechanism. 
Consequently, waveform degradation caused by mode dispersion 
is suppressed and the propagation distance is increased. Since 
the single-mode optical fiber 13 for excitation excites only 
the mode that the single-mode optical fiber 14 for transmission 
passes, efficient optical transmission can be realized. 
[0016] 

In the optical transmission system as disclosed in the 
invention by the applicants , however, generally, a coherent light 
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source is used in the optical transmitter . There is consequently 
a drawback that mechanical disturbance may considerably degrade 
the waveform. FIG. 16 is a diagram illustrating the drawback. 
[0017] 

The single-mode optical fiber 13, which is excitation 
mechanism shown in the diagram excites the mode A in a graded- index 
multimode optical fiber. At the point X, a part of light in 
the mode A is transferred to the mode B when there are local 
errors in the refractive index , microbending , or other scatterer . 
As described above, the light that keeps propagating in the mode 
B does not reach the optical receiver because the single-mode 
optical fiber 14 for transmission mechanism blocks the mode B. 
[0018] 

However, when there are local errors in the refractive 
index, microbending, or other scatterer at the point Y between 
the point X and the transmission mechanism, a part of light in 
the mode B is transferred back to the mode A. At the point Y, 
the waveform is not determined by adding the waveform of light 
keeping the propagation mode in the mode A and that of the light 
which has been once transferred to the mode B and come back to 
the mode A. Since light has wave nature, the resultant waveform 
depends on the phase difference between the light keeping the 
propagation mode in the mode A and the light which has been once 
transferred to the mode B and come back to the mode A. If the 
phases are in-phase, constructive interference occurs. If the 
phases are anti-phase, destructive interference occurs. 
[0019] 
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In this case, if a coherent light source is used as the 
light source of the optical transmitter, the phases of 
propagating light are precisely identical, so that strong 
interference effect appears. Therefore, when the graded- index 
multimode optical fiber is subjected to mechanical disturbance, 
the phase difference between the light keeping the propagation 
mode in the mode A and the light which has been transferred to 
the mode B and come back to the mode A varies, and it causes 
severe degradation in the received waveform in the optical 
receiver . 

[ 0020 ] 

In an actual graded- index multimode optical fiber, 

■ 

inter-mode transition occurs not only at the points X and Y but 
occurs in the whole optical fiber. Furthermore, the number of 
the mode which can be transferred to is not only one, since a 
large number of modes contributes to the propagation, so a very 
complicated interference effect appears. 

[ 0021 ] 

The present invention has been achieved in view of such 
circumstances and an object of the invention is to provide a 
novel optical transmission system realizing high-speed optical 
transmission over greater distance by suppressing waveform 
degradation caused by mode dispersion and mode transition in 
a multimode optical transmission line. 

Means for solving the problem 
[ 0022 ] 
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To achieve the object, an optical transmission system of 
the present invention includes: an optical transmitter for 
transmitting incoherent light ; an excitation mechanism for 
exciting a predeterminedmode in the incoherent light transmitted 
from the optical transmitter or the incoherent light transmitted 
from the optical transmitter via amultimode optical transmission 
line; and a transmission mechanism for transmitting a 
predeterminedmode in the incoherent light transmitted from the 
excitation mechanism via amultimode optical transmission line. 
[ 0023 ] 

Another optical transmission system of the present 
invention includes : an optical transmitter for transmitting 
incoherent light; an excitation mechanism for exciting a 
predeterminedmode in the incoherent light transmitted from the 
optical transmitter or the incoherent light transmitted from 
the optical transmitter via a multimode optical transmission 
line; a transmission mechanism for transmitting a predetermined 
mode in the incoherent light transmitted from the excitation 
mechanism via a multimode optical transmission line; and an 
optical receiver for receiving the incoherent light transmitted 
from the transmission mechanism or the incoherent light 
transmitted from the transmission mechanism via a multimode 
optical transmission line. 

[ 0024 ] 

Another optical transmission system of the present 
invention includes: an optical transmitter for transmitting 
incoherent light; an excitation mechanism for exciting a 
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predetermined, mode in the incoherent light transmitted from the 
optical transmitter or the incoherent light transmitted from 
the optical transmitter via a multimode optical transmission 
line; a multimode optical transmission line for transmitting 
the incoherent light transmitted from the excitation mechanism; 
and a transmission mechanism for transmitting a predetermined 
mode in the incoherent light transmitted from the excitation 
mechanism via the multimode optical transmission line. 

[ 0025 ] 

Further another optical transmission system of the present 
invention includes: an optical transmitter for transmitting 
incoherent light; an excitation mechanism for exciting a 
predetermined mode in the incoherent light transmitted from the 
optical transmitter or the incoherent light transmitted from 
the optical transmitter via a multimode optical transmission 
line; a multimode optical transmission line for transmitting 
the incoherent light transmitted from the excitation mechanism; 
a transmission mechanism for transmitting a predetermined mode 
in the incoherent light transmitted from the excitation mechanism 
via the multimode optical transmission line; and an optical 
receiver for receiving the incoherent light transmitted from 
the transmission mechanism or the incoherent light transmitted 
from the transmission mechanism via a multimode optical 
transmission line. 

[ 0026 ] 

With the configuration, desirably, the optical 
transmitter has an incoherent light source and a optical 
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modulator for modulating light emitted from the incoherent light 
source and outputting the modulated light as the incoherent 
light . 

[0027] 

Preferably, the optical transmitter has an incoherent 
light source which can be directly modulated and emits the 
incoherent light , 

[0028] 

Preferably, the incoherent light source is an ASE light 
source. 

[0029] 

Preferably, a graded-index optical transmission line or 
a step index optical transmission line is used as the multimode 
optical transmission line. 

[0030] 

When the multimode optical transmission line is a 
graded-index optical transmission line, desirably, the 
graded-index optical transmission line takes the form of a 
graded-index multimode optical fiber having a core diameter of 
40 pm or more and 100 pm or less. 

[0031] 

When the multimode optical transmission line is a 
graded-index optical transmission line, desirably, the 
graded-index optical transmission line takes the form of a 
graded-index multimode optical fiber having a core diameter of 
50 pm or 62.5 pm. 

[0032] 
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In the case where the multimode optical transmission line 
is a step index optical transmission line, desirably, the step 
index optical transmission line takes the form of a step index 
multimode optical fiber having a core diameter of 40 or more 

i 

and 100 urn or less. 

[0033] 

In the case where the multimode optical transmission line 
is a step index optical transmission line, desirably, the step 
index optical transmission line takes the form of a step index 
multimode optical fiber having a core diameter of 50 ^im or 62.5 
p,m. 

[0034] 

The predetermined mode is desirably a base mode. 

[0035] 

It is desirable to use a single-mode optical transmission 
line as the excitation mechanism. - 
[0036] 

In this case, it is desirable to use a single-mode optical 
fiber or a single-mode planar lightwave circuit as the 
single-mode optical transmission line. 

[0037] 

Preferably, the excitation mechanism includes a lens that 
transmits the incoherent light transmitted from the optical 
transmitter, a predetermined low- order mode in the incoherent 
light transmitted from the optical transmitter is condensed by 
the lens, and the resultant light is transmitted. 

[0038] 
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Preferably, the excitation mechanism includes a diaphragm 
having an aperture that passes the incoherent light transmitted 
from the optical transmitter, a predetermined low-order mode 
in the incoherent light transmitted from the optical transmitter 
is selected by the diaphragm, and the resultant light is 
transmitted . 

[ 0039 ] 

In this case, desirably, the diaphragm includes a first 
diaphragm for passing the incoherent light transmitted from the 
optical transmitter and a second diaphragm for passing the 
incoherent light passed through the first diaphragm. 

[ 0040 ] 

As described above, as the excitation mechanism, a 
single-mode optical transmission line taking the form of a 
single-mode optical fiber or a single-mode planar lightwave 
circuit, an optical system including a lens , or a diaphragm having 
an aperture in a specific position in an optical transmission 
core can be used. 

[ 0041 ] 

Preferably, a single-mode optical transmission line is 
used as the transmission mechanism. 

[ 0042 ] 

In this case, it is desirable to use a single-mode optical 
fiber or a single-mode planar lightwave circuit as the 
single -mode optical transmission line. 

[ 0043 ] 

Preferably, the transmission mechanism includes a lens 
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that transmits the incoherent light transmitted from the 
excitation mechanism, a predetermined low-order mode in the 
incoherent light transmitted from the excitation mechanism is 
condensed by the lens, and the resultant light is transmitted. 
[ 0044 ] 

Preferably, the transmission mechanism includes a 
diaphragm having an aperture that passes the incoherent light 
transmitted from the excitation mechanism, a predetermined 
low- order mode in the incoherent light transmitted from the 
excitation mechanism is selected by the diaphragm, and the 
resultant light is transmitted. 

[ 0045 ] 

In this case, desirably, the diaphragm includes a first 
diaphragm for passing the incoherent light transmitted from the 
excitation mechanism and a second diaphragm for passing the 
incoherent light passed through the first diaphragm. 

[ 0046 ] 

As described above, as the transmission mechanism, a 
single-mode optical transmission line taking the form of a 
single-mode optical fiber or a single-mode planar lightwave 
circuit, an optical system including a lens , or a diaphragm having 
an aperture in a specific position in an optical transmission 
core can be used. 

Effects of the Invention 
[ 0047 ] 

The high-speed optical transmission system of the present 
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invention can be realized by suppressing waveform degradation 
caused by mode dispersion in a multimode optical transmission 
line, so that it achieves greater transmission distance than 
conventional optical transmission systems. Furthermore, by 
removing the interference effect accompanying inter-mode 
transition, degradation in the received waveform caused by 
mechanical disturbance can be suppressed. By applying the 
present invention to a laid local area network consisting of 
graded- index multimode optical fibers and step index multimode 
optical fibers, the date rate of the laid local area network 
can be increased. Thus, a high speed local area network can 
be realized at low cost. 

Brief Description of The Drawings 
[0048] 

FIG. 1 is a diagram showing an example of a system 
configuration of a first embodiment. 

FIG. 2 is a diagram showing an example of a system 
configuration of a second embodiment. 

FIG. 3 is a diagram illustrating the present invention. 

* 

FIG. 4 is a diagram illustrating effects of the present 
invention . 

FIG. 5 is a diagram showing an example of a system . 
configuration of a third embodiment . 

FIG. 6 is a diagram showing another example of the system 
configuration of the third embodiment. 

FIG. 7 is a diagram showing an example of a system 
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configuration of a fourth embodiment. 

FIG. 8 is a diagram showing another example of the system 
configuration of the fourth embodiment . 

FIG. 9 is a diagram showing an example of a system 
configuration of a fifth embodiment. 

FIG. 10 is a diagram showing an example of a system 
configuration of a sixth embodiment. 

FIG. 11 is a diagram showing an example of a system 
configuration of a seventh embodiment . 

FIG. 12 is a diagram showing an example of another 
embodiment of a diaphragm of the seventh embodiment. 

FIG. 13 is a diagram showing a system configuration of 
a conventional technique. 

FIG. 14 is a diagram showing a system configuration of 
a conventional technique . 

FIG. 15 is a diagram illustrating the configuration of 
an optical transmission system disclosed by the applicants of 
the present invention. 

FIG. 16 is a diagram illustrating a drawback of the optical 
transmission system disclosed by the applicants of the present 
invention . 

Description of the Reference Numerals 
[0049] 

Reference numerals in the drawings are described as follows . 
1: multimode optical fiber, 2: optical transmitter, 3: optical 
receiver, 4: single-mode optical fiber, 10: graded-index 
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multimode optical fiber, 11: optical transmitter for emitting 
coherent light, 12; coherent light source which can be directly 
modulated, 13: single-mode optical fiber for excitation, 14: 
single-mode optical fiber for transmission , 15: optical receiver , 
16, 17, 18: multimode optical transmission lines, 20: optical 
transmitter for emitting incoherent light, 21: exciting 
mechanism, 22: transmission mechanism, 100 to 106: optical 
transmission systems according to the embodiments of the 
invention, 500 to 502: conventional optical transmission systems , 
201: incoherent light source, 202: optical modulator, 203: 
wavelength filter mechanism, 204: polarization control 
mechanism, 205; incoherent light source which can be directly 
modulated, 30: single-mode planar light wave circuit for 
excitation, 31: single-mode planar light wave circuit for 
transmission, 40: graded-index multimode optical fiber for 
connection, 41: graded-index multimode optical fiber for 
connection, 50: optical system for excitation, 51: optical system 
for transmission, 60: graded-index multimode optical fiber for 
connection, 61: graded-index multimode optical fiber for 
connection, 70: diaphragm for excitation, 71: diaphragm for 
transmission, 80: graded-index multimode optical fiber for 
connection, 81: graded-index multimode optical fiber for 
connection, 82: transmission data 

Best Mode for Carrying out the Invention 
[0050] 

Embodiments of the present invention will be described 
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in detail hereinbelow. The invention is not limited to the 



following description. 

(First embodiment ) 

FIG. 1 shows an example of a first embodiment of an optical 
transmission system according to the present invention. 
(0051] 

Shown in the diagram are multimode optical transmission 
lines 16, 17, and 18, an optical transmitter 20 that emits 
incoherent light, an excitation mechanism 21, a transmission 
mechanism 22, and an optical receiver 15. 

[0052] 

An optical transmission system 100 shown in FIG. 1 has 
the optical transmitter 20 for transmitting incoherent light 
90a, the excitation mechanism 21 for exciting a predetermined 
mode in the incoherent light 90a transmitted from the optical 
transmitter 20 via the multimode optical transmission line 17 
and transmitting incoherent light 90b toward the optical receiver 
15, the multimode optical transmission line 16 for transmitting 
incoherent light 9 0c transmitted from the excitation mechanism 
21, the transmission mechanism 22 passing a predetermined mode 
In the incoherent light 90c transmitted from the excitation 
mechanism 21 via the multimode optical transmission line 16, 
and the optical receiver 15 for receiving the incoherent light 

■ 

90d transmitted from the transmission mechanism 22 via the 
multimode optical transmission line 18. 

[0053] 

As described above, when the optical transmission system 
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100 according to the first embodiment employs the configuration 
of the optical transmission system shown in FIG. 15 disclosed 
by the applicants of the present invention, the optical 
transmitter 20 for emitting incoherent light is used as a basic 
component. Though, in the first embodiment, the optical 
transmitter 20 and the excitation mechanism 21 are connected 
to each other via the multimode optical transmission line 17, 
and the transmission mechanism 22 and the optical receiver 15 
are connected to each other via the multimode optical 

A 

transmission line 18, the excitation mechanism 21 may directly 
excite the incoherent light 90a transmitted from the optical 
transmitter 20* In this case, transmission degradation caused 
by mode dispersion in the multimode optical transmission line 
17 can be prevented . The optical receiver 15 may directly receive 
the incoherent light 90d emitted from the transmission mechanism 
22* In this case, transmission degradation caused by mode 
dispersion in the multimode optical transmission line 18 can 
be prevented, 

[0054] 

In the optical transmission system 100 according to the 
first embodiment, the optical transmitter 20 transmits the 
incoherent light 90a* Since the incoherent light has less 
incoherence, interference itself caused by variations in 
propagation delay of light finally received by the optical 
receiver 15 can be suppressed. Therefore, degradation in a 
waveform received by the optical receiver 15 can be suppressed. 
Preferably, the optical transmitter 20 has an Incoherent light 
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source as a light source of the incoherent light 90a. Further, 
the incoherent light source is desirably, an ASE (Amplified 
Sponttaneous Emission) light source. The ASE light source is 
a light source that emits high-intensity, wideband incoherent 
light. By having the ASE light source, the optical transmitter 
20 can perform wideband optical transmission. 

[0055] 

In the optical transmission system 100 according to the 
first embodiment, the excitation mechanism 21 excites a 
predetermined mode in the incoherent light 90a transmitted from 
the optical transmitter 20 and transmits the resultant light. 
The excitation implies here selection of a mode that passes the 
system. That is, the excitation mechanism 21 selects a 
predetermined mode in the incoherent light 90a transmitted from 
the optical transmitter 20 and transmits it. By selecting and 
transmitting a predetermined mode , the mode of light propagating 
in the optical transmission line can be preliminarily limited 
to a predetermined low-order mode. Consequently, mainly, 
high-order modes in light which is mode -dispersed by mechanical 
disturbance or the like in the multimode optical transmission 
line 17 in the incoherent light 90a can be eliminated. Since 

-F 

the incoherent light 90b transmitted to the multimode optical 
transmission line 16 can be limited mainly to low-order modes, 
mode dispersion of the incoherent light 90b in the multimode 
optical transmission line 16 can be suppressed. 

[0056] 

The predetermined mode excited by the excitation mechanism 
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21 is desirably, a low-order mode and, more desirably, a base 
mode. The base mode is the lowest -order mode. By using the 
base mode as the predetermined mode, a mode propagating around 
the center of an optical fiber can be excited, so that the mode 
dispersion is small and a wideband frequency characteristic is 
obtained. In the following description, obviously, the 
"low-order mode" includes the "base mode". 

[0057] 

In this case, in the optical transmission system 100, it 
is desirable to apply a single-mode optical fiber for excitation 
as the excitation mechanism 21. The single-mode optical fiber 
is an optical fiber in which only one mode of light propagates . 
By applying the single-mode optical fiber for excitation as the 
excitation mechanism 2 1 , the angle of incidence to the excitation 
mechanism 21 of the incoherent light 90a transmitted from the 
optical transmitter 20 can be easily limited, and the base mode 
can be excited. 

[0058] 

In the optical transmission system 100 according to the 
embodiment, the transmission mechanism 22 passes and transmits 
a predetermined mode in the incoherent light 90b transmitted 
from the excitation mechanism. By passing and transmitting the 
predetermined mode , the incoherent light which is mode -dispersed 
by mechanical disturbance of the multimode optical transmission 
line 16 can be limited only to low- order modes, and the resultant 
can be transmitted to the optical transmitter 15. Therefore, 
degradation in received waveforms in the optical receiver 15 



21 




can be prevented. 

[0059] 

The predetermined mode passing through the transmission 
mechanism 22 is desirably, a low-order mode and, more desirably, 
the base mode. The base mode is the lowest -order mode . By using 
the base mode as the predetermined mode , a mode propagating around 
the center of an optical fiber is passed, so that the mode 
dispersion is small and a wideband frequency characteristic is 
obtained. 

[0060] 

In this case, in the optical transmission system 100 
according to the first embodiment, it is desirable to apply a 
single-mode optical fiber for transmission as the transmission 
mechanism 22. Since the angle of incidence to the transmission 
mechanism 22 of the incoherent light 90c transmitted by the 
excitation mechanism 21 can be limited, the single-mode optical 
fiber for transmission can easily transmit the base mode. 
[0061] 

In the optical transmission system 100 according to the 
embodiment, a step index multimode optical fiber can be applied 
as the multimode optical transmission line 16 . In the step index 
multimode optical fiber, the refractive index in the center of 
the core is higher than that of the cladding and uniform, and 
the refractive index in the center of the core and that of the 
cladding are discontinuously various. Light propagating 
through a step index multimode optical fiber travels while being 
totally ref lected by the border between the core and the cladding . 
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Consequently, In the step index multimode optical fiber, when 
local errors in the index of refraction of the optical fiber 
or mechanical disturbance such as microbending occurs, the orbit 
of light or ref lection angle changes on occurrence of mechanical 
disturbance. Due to the change, the light even in the low-order 
mode may be transferred to a high- order mode depending on a change 
in the orbit or the reflection angle. Since such mechanical 
disturbance of the optical fiber occurs in the entire optical 
fiber, the mode of light propagating through the optical fiber 
is transferred complicatedly . As a result , interference occurs 
due to variations in propagation delay of light , and the waveform 
degrades . 

[0062] 

In the optical transmission system 100 of the first 
embodiment, however, the incoherent light propagating through 
the step index multimode optical fiber as the multimode optical 
transmission line 16 can be limited to a low- order mode in advance 
by the excitation mechanism 21. The transmission mechanism 22 
transmits the selected low- order mode in the incoherent light 
in which the mode transition occurs during the propagation in 
the step index multimode optical fiber as the multimode optical 
transmission line 16, so that mode dispersion can be suppressed. 
Further, in the optical transmission system 100, the incoherent 
light is used as light transmitted/received between the optical 
transmitter 20 and the optical receiver 15 , so that interference 
itself among the modes can be suppressed. Therefore, in the 
optical transmission system 100, mode dispersion of light in 
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the step index multimode optical fiber as the multimode optical 
transmission line 16 and degradation of waveform due to 
interference among the modes can be suppressed, and transmission 
quality can be improved. 

[0063] 

The core diameter of the step index multimode optical fiber 
is desirably in a range from 40 pm or more and 100 pm or less. 
By setting the core diameter of the step index multimode optical 
fiber to be relatively large as 40 pm or more and 100 [xm or less , 
the connection work can be facilitated. More desirably, the 
core diameter is 50 |xm or 62.5 |xm. Since an optical fiber having 
the core diameter of 50 pm and that having the core diameter 

i 

of 62.5 |xm exist as standard products, low-price peripheral 
devices and parts to be connected with the optical fiber can 
be used. 

[0064] 

In the optical transmission system 100 of the first 
embodiment, a graded-index multimode optical fiber can be used 
instead of a step index multimode optical fiber as the multimode 
optical transmission line 16. The graded-index multimode 
optical fiber is an optical fiber in which the refractive index 
in the center of the core is the maximum and decreases toward 
the outside. 

[0065] 

The orbit of light that entered the core is bent in 
peripheral portions of the core, where the refractive index is 
low, so that it becomes a curve that meanders around the core 
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center as an axis . Since the refractive index in the center 
of the core is relatively higher than that in the peripheral 
parts of the core , the velocity of light propagating in the center 
of the core is lower than that of light in the core peripheral 
parts . Consequently, propagation velocity can be made constant 
independent of the inodes of light . 

[0066] 

However, since the refractive index in the graded- index 
multimode optical fiber has to be varied gradually, it is 
difficult to manufacture the graded-index multimode optical 
fiber with ideal dispersion of the refractive index. In this 
case, local errors of the refractive index of the optical fiber 
disperse the propagation velocities of the light propagating 
through the graded-index multimode optical fiber relatively 
among the modes as the transmission distance increases. 
Consequently, even in the graded-index multimode optical fiber, 
as the transmission distance increases, variations in the 
propagation delay occur in the light propagating through the 
optical fiber. 

[0067] 

On the other hand, in the optical transmission system 100 

* 

of the first embodiment, however, the incoherent light 
propagating through the graded-index multimode optical fiber 
as the multimode optical transmission line 16 can be limited 
to a low-order mode in advance by the excitation mechanism 21. 
The transmission mechanism 22 transmits mainly the selected 
low- order mode in the incoherent light which is mode -dispersed 
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in the graded-index multimode optical fiber as the multimode 
optical transmission line 16, so that mode dispersion caused 
by variations in the propagation delay among the modes can be 
suppressed. Further, in the optical transmission system 100, 
the incoherent light is used as light transmitted/received 

between the optical transmitter 20 and the optical receiver 15, 

\ 

so that interference itself among the modes can be suppressed. 
Therefore, in the optical transmission system 100, mode 
dispersion of light in the graded-index multimode optical fiber 
as the multimode optical transmission line 16 and degradation 
of waveform due to interference among the modes can be suppressed, 
and transmission quality can be further improved. 

[0068] 

The core diameter of the graded-index multimode optical 
fiber is desirably in a range 40 |xm or more and 100 fxm or less. 
By setting the core diameter of the graded-index multimode 
optical fiber to be relatively large as 40 [xm or more and 100 
[xm or less, the connection work can be facilitated. More 

i 

desirably, the core diameter is 50 ^m or 62 . 5 fxm. Since an optical 
fiber having the core diameter of 50 urn and that having the core 
diameter of 62.5 (xm exist as standard products, low-price 
peripheral devices and parts to be connected with the optical 
fiber can be used. 

[0069] 

Any optical transmission line as long as it can transmit 
light having a plurality of modes can be applied to the optical 
transmission system 100 according to the embodiment. In the 



26 




optical transmission system 100, as described above, 
transmission degradation caused by mode dispersion which occurs 
in the optical transmission line and interference among the modes 
can be suppressed. 

[0070] 

In the first embodiment, the optical receiver 15 is 
provided. By providing the optical receiver 15, an optical 
transmission system with extremely suppressed transmission 
degradation can be configured. The embodiment also includes 
the case where the optical receiver 15 is not provided. In this 
case, the optical transmission system of the embodiment not 
having the optical receiver 15 can be assembled in an existing 
optical transmission system having an optical receiver, so that 
the existing optical transmission system with extremely reduced 
transmission degradation can be achieved. 

[0071] 

The operation of the optical transmission system 100 will 
be described with reference to FIG. 1. 

[0072] 

First , the optical transmitter 20 transmits the incoherent 
light 90a, which is an optical signal converted from transmission 
data 82 input to the optical transmitter 20, toward the optical 

receiver 15. The incoherent light 90a transmitted from the 

\ 

optical transmitter 20 propagates through the excitation 
mechanism 21 and enters, as the incoherent light 90b, the 
multimode optical transmission line 16. Since the incoherent 
light 9 0a is limited mainly to the low-order mode by the excitation 
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mechanism 21 and transmitted, mode dispersion of the incoherent 
light 90b propagating through the multimode optical transmission 
line 16 can be suppressed. 

[0073] 

The incoherent light 90c propagated through the multimode 
optical transmission line 16 passes through the transmission 
mechanism 22 and is transmitted as the incoherent light 9 Od toward 
the optical receiver 15. Since the incoherent light 90c is 
limited mainly to the low-order mode by the transmission 
mechanism 22 and is transmitted toward the optical receiver 15, 
mode dispersion of the incoherent light 90d can be suppressed 
and degradation of the received waveform of the optical receiver 
15 can be suppressed. Further, the incoherent light is used 
as light transmitted/received between the optical transmitter 

20 and the optical receiver 15 , so that interference itself among 

■ 

the modes can be suppressed . Therefore, degradation of received 
waveform in the optical receiver 15 can be prevented. 

As described above, in the optical transmission system 
100 according to the first embodiment, by suppressing waveform 
degradation caused by interference among the modes accompanying 
mode dispersion and inter-mode transition of the multimode 
optical transmission line, high-speed light transmission over 
greater distance that a conventional distance can be realized. 
[0074] 

( Second embodiment ) 

FIG. 2 shows a second embodiment of the optical 
transmission system according to the present invention. In the 
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second embodiment, the optical transmission system obtained by 
further embodying the optical transmission system of the first 
embodiment will be described. 

[0075] 

Shown in the diagram are a graded-index multimode optical 
fiber 10 as a multimode optical transmission line, the optical 
transmitter 20 that emits incoherent light , a single mode optical 
fiber 13 for excitation as an excitation mechanism, a single 
mode optical fiber 14 for transmission as a transmission 
mechanism, and the optical receiver 15. 

[0076] 

When an optical transmission system 101 according to the 
second embodiment employs the configuration of the optical 
transmission system shown in FIG. 15 disclosed by the applicants 
of the present invention, the optical transmitter 20 for emitting 
incoherent light is used as a basic component . The configuration 
of the optical transmitter 20 is similar to that of the first 
embodiment . 

[0077] 

FIG. 3 is a schematic diagram showing an example of 
inter-mode transition of incoherent light propagating through 
the multimode optical transmission line illustrated in FIG. 2. 
As shown in FIG. 3, a part of the incoherent light 90b transmitted 
from the single mode optical fiber 13 for excitation as an 
excitation mechanism is transferred from the mode A to the mode 

B, for example, due to microbending in the optical fiber at the 

% 

point X. A part of the transferred light propagating in the 
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mode B is transferred again to the mode A, for example, due to 
microbending in the optical fiber at the point Y. Another part 
which is not transferred to the mode B at the point X propagates 
in the mode A toward the single-mode optical fiber 14 for 
transmission as a transmission mechanism. The light having in 
the propagation mode A and the light which has been transferred 
to the mode B and again transferred back to the mode A interfere 
in each other at the point Y. In FIG. 3 , the phase configuration 
of light signals before the X and Y points is schematically shown 
by using sine waves. 

[0078] 

Since the optical transmission system 101 according to 
the second embodiment shown in FIG. 2 uses an incoherent light 
source as the light source of the light transmitter 20, the 
propagating light has random phase as shown in FIG. 3 unlike 
the case of using a coherent light source, and coherence is low. 
Consequently, as shown in FIG. 3, the interference effect is 
weak, which is produced by the light keeping in the propagation 
mode A and the light which has been transferred to the mode B 
and transferred again to the mode A shown in FIG . 16. Therefore, 
even if inter-mode transition occurs due to local errors in the 
refractive index, microbending, or the like, inside a 
graded- index multimode optical fiber 10, the received waveform 

i 

is not degraded by mechanical disturbance* 

[ 0079] 

FIG* 4 shows fluctuations with time in received power in 
the optical receiver 15 in the optical transmission system 101 
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illustrated in FIG. 2. In FIG. 4, the solid line indicates 
fluctuations with time in received power in the case of using 
the incoherent light, and the dot line shows fluctuations with 
time in received power in the case of using the coherent light. 
[0080] 

As shown in the graph, since the conventional optical 
transmission system generally uses the coherent light source, 
fluctuation with time occurs in the received power due to 
temperature change or mechanical disturbance such as vibration. 
In contrast, the optical transmission system 101 shown in FIG. 
2 uses the incoherent light source for the optical transmitter 
20. Consequently, the optical transmission system 101 is less 
affected by such mechanical disturbance, and fluctuation with 
time in the received power hardly occurs . 

[0081] 

¥ 

The operation of the optical transmission system 101 is 
similar to that of the first embodiment. 

[0082] 

{ Third embodiment ) 

FIG. 5 shows a third embodiment of the optical transmission 
system according to the present invention. The same reference 
numerals are designated to the same components as those in FIG. 
2 . 

[0083] 

In the third embodiment , the optical transmitter 20 is 
constructed by an incoherent light source 201 and a optical 
modulator 202. The optical modulator 202 modulates light 
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transmitted from the incoherent light source 201 on the basis 
of the transmission data 82 input to the optical modulator 202, 
and transmits the resultant light as the incoherent light 90a. 
For the modulation, a modulating method such as intensity 
modulation or wavelength modulation can be applied. 

[0084] 

As the incoherent light source 201, an ASE light source 
for taking spontaneous emission light of a fiber amplifier, a 
super luminescent diode (SLD), a light emission diode (LED), 
or the like can be used. As the optical modulator 202, an LN 
modulator using a known LiNb <>3 crystal, an electroabsorption 
(EA) modulator, or the like can be used. 

[0085] 

In an optical transmission system 102 of the third 
embodiment, by providing the optical transmitter 20 with the 
incoherent light source 201 and the optical modulator 202, the 
optical transmitter 20 has the function of an information 
transmitter. 

The operation of the optical transmitter 20 of the optical 
transmission system 102 according to the third embodiment will 

i 

be described. The operations of the optical transmission system 
102 after the incoherent light 90a is transmitted from the optical 
transmitter 20 until the incoherent light 90a is received by 
the optical receiver 15 are similar to those in the first 
embodiment . 

[0086] 

First, the incoherent light 90e is transmitted from the 
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incoherent light source 201 to the optical modulator 202. When 
the transmission data 82 is input, the optical modulator 202 
performs, for example, intensity modulation on the incoherent 
light 90e on the basis of the input transmission data 82 and 
transmits the resultant light as the incoherent light 90a. 
[0087] 

As described above, the third embodiment is obtained by 
embodying the configuration of the optical transmitter 20 in 
the second embodiment . For reasons similar to those of the second 
embodiment, degradation in the received waveform due to 
mechanical disturbance does not occur. 

[0088] 

The configuration of the optical transmitter 20 having 
the incoherent light source 201 and the optical modulator 202 
as shown in FIG. 5 can be applied to any of the embodiments 
described in the specification. 

[0089] 

FIG. 6 shows another example of the third embodiment of 
the optical transmission system according to the invention . The 
same reference numerals are designated to the same components 
as those in FIG. 5. 

[0090] 

In the configuration example, the optical transmitter 20' 
is constructed by the incoherent light source 201, a wavelength 
filter mechanism 203 , a polarization control mechanism 204 , and 
the optical modulator 202 . 

[ 0091] 
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The wavelength filter mechanism 203 is inserted to suppress 
waveform degradation caused by wave bandwidth of the optical 
modulator 202 and wavelength dispersion in the graded-index 
multimode optical fiber 10 . The polarization control mechanism 
204 is inserted to optimize the modulation effect in 
Consideration of polarization dependency of the optical 
modulator 202. 

[0092] 

t 

Therefore , in the case of using a polarization-independent 
optical modulator as the optical modulator 202 , the polarization 
control mechanism 204 is unnecessary. The wavelength filter 
mechanism 203 may be Inserted between the optical modulator 202 
and the single-mode optical fiber 13 for excitation. 

[0093] 

As the wavelength filter mechanism 203, for example, an 
optical waveguide wavelength filter or a WDM (wavelength division 
multiplexing) tunable wavelength filter can be applied. By 
applying any of the wavelength filter mechanisms, a flexible 
system without a change in the optical transmission system 
according to the wavelength of incoherent light to be transmitted 
can be realized. 

[0094] 

The polarization control mechanism 204 adjusts the 
polarization direction of a light signal 90g transmitted from 
the incoherent light source 201. For example, only light in 
a predetermined polarization direction is taken from the light 
signal 90g by using a polarization beam splitter or a deflection 
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plate, or the polarization direction of the light signal 90g 
is aligned to a predetermined direction. 

[0095] 

The operation of the optical transmitter 20 of the optical 
transmission system 103 of the third embodiment will now be 
described. The operations of the optical transmission system 
103 after the incoherent light 90a is transmitted from the optical 
transmitter 20 until the incoherent light 90a is received by 
the optical receiver 15 are similar to those in the first 
embodiment . 

[0096] 

First, the incoherent light source 201 transmits 
incoherent light 90f toward the optical modulator 202. The 
incoherent light 9 Of is received by the wavelength filter 
mechanism 203. The wavelength filter mechanism 203 limits the 
wavelength range of the incoherent light 90f and transmits the 
resultant light as the incoherent light 90g. The incoherent 
light 90g is received by the polarization control mechanism 204 . 
The polarization control mechanism 204 controls the polarization 
direction of the incoherent light 90g and transmits the resultant 
light as incoherent light 90h. The incoherent light 90h is 
received by the optical modulator 202. When the transmission 
data 82 is input , the optical modulator 202 performs , for example, 
intensity modulation on the incoherent light 9 Oh on the basis 
of the input transmission data 82 and transmits the resultant 
as the incoherent light 90a. 

[ 0097 ] 
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As described above, in tbe third embodiment, the 
configuration of the optical transmitter 20 of the second 
embodiment is embodied. For reasons similar to those of the 
second embodiment, degradation in received waveform due to 
mechanical disturbance does not occur. 

[0098] 

( Fourth embodiment ) 

FIG. 7 shows a fourth embodiment of the optical 
transmission system according to the present invention. The 
same reference numerals are designated to the same components 
as those in FIG. 2. 

[0099] 

In the fourth embodiment, the optical transmitter 20 is 
constructed by an incoherent light source 205 which can be 
directly modulated. The direct modulation is, for example, 
direct modulation of brightness of a laser diode by inputting 
a modulation signal to a drive current of the laser diode. 
[ 0100 ] 

In the fourth embodiment , by providing the optical 
transmitter 20 with the incoherent light source 205 which can 
be directly modulated, it is unnecessary to provide an external 
modulator . Thus , the optical transmitter 20 can be made compact . 

The incoherent light source 205 which can be directly 
modulated is , desirably, anASE (Amplified Spontaneous Emission) 
light source which can be directly modulated. The ASE light 
source is a light source that emits high-intensity, wideband 
incoherent light. By having the ASE light source, the optical 
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transmitter 20 can perform wideband optical transmission. 
[ 0101 ] 

When the transmission data 82 is input, for example, the 
incoherent light source 205 which can be directly modulated adds 
a modulation signal based on the transmission data 82 to the 
drive current of a laser diode, thereby modulating light 
intensity of the laser diode, and transmits the resultant light 
as the incoherent light 90a. The operations of the optical 
transmission system 104 after the incoherent light 90a 
transmitted from the optical transmitter 20 until the incoherent 
light 90ais received by the optical receiver 15 are similar to 
those in the first embodiment. 

[ 0102 ] 

As described above, the fourth embodiment is obtained by 
embodying the configuration of the optical transmitter 20 in 
the second embodiment in a manner similar to the third embodiment . 
For reasons similar to those of the second embodiment, 
degradation in the received waveform due to mechanical 
disturbance does not occur. 

[0103] 

The configuration of the optical transmitter 20 having 
the incoherent light source 205 which can be directly modulated 
as shown in FIG. 7 can be applied to any of the embodiments 
described in the specification. 

[0104] 

FIG. 8 shows another example of the fourth embodiment of 
the optical transmission system according to the invention . 203 
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denotes a wavelength filter mechanism as shown in FIG. 6. 205 

denotes an incoherent light source which can be directly- 
modulated as shown in FIG. 7. 

[0105] 

In the configuration example, the wavelength filter 
mechanism 203 is inserted to suppress waveform degradation caused 
by wavelength dispersion of the graded- index multimode optical 
fiber 10. Since the optical transmitter 20 has the incoherent 
light source 205 which can be directly modulated, the optical 
transmitter 20 can be made compact. 

[0106] 

The operation of the optical transmitter 20 of the optical 
transmission system 105 according to the fifth embodiment will 
be described. The operations of the optical transmission system 
105 after the incoherent light 90a is transmitted from the optical 
transmitter 20 until the incoherent light is received by the 
optical receiver 15 are similar to those in the first embodiment . 
[0107] 

First , when the transmission data 82 is input , for example, 
the incoherent light source 205 which can be directly modulated 
adds a modulation signal based on the transmission data 82 to 
the drive current of a laser diode , thereby modulating light 
intensity of the laser diode, and transmits the resultant light 
as incoherent light 90i. The incoherent light 90i is received 
by the wavelength filter mechanism 203. The wavelength filter 
mechanism 203 limits the wavelength range of the incoherent light 
90i and transmits the resultant light as the incoherent light 



38 




90a. 



[0108] 

As described above, the fourth embodiment is obtained by 
embodying the configuration of the optical transmitter 20 in 
the second embodiment . For reasons similar to those of the second 
embodiment, degradation in the received waveform due to 
mechanical disturbance does not occur. 

[0109] 

(Fifth embodiment) 

FIG. 9 shows a fifth embodiment of the optical transmission 
system according to the present invention. The same reference 
numerals are designated to the same components as those in FIG. 
2. The configuration of the optical transmitter 20 is similar 
to that in the first embodiment. 

[ 0110 ] 

In the fifth embodiment, a single-mode planar lightwave 
circuit 30 for excitation is provided in place of the single-mode 
optical filter 13 as an excitation mechanism shown in FIG. 2. 
A single -mode planar lightwave circuit 31 for transmission is 
provided in place of the single-mode optical fiber 14 for 
transmission as a transmission mechanism. Further, a 
graded- index multimode optical fiber 40 for connecting the 
optical transmitter 20 and the single-mode planar lightwave 
circuit 30 for excitation as an excitation mechanism, and a 
graded- index multimode optical fiber 41 for connecting the 
single-mode planar lightwave circuit 31 for transmission as a 
transmission mechanism and the optical receiver 15 are provided. 
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[0111] 



The single-mode planar lightwave circuit 30 for excitation 
and the single-mode planar lightwave circuit 31 for transmission 
can be made by using a quartz material or semiconductor crystal. 
In the fifth embodiment, by applying the single-mode planar 
lightwave circuit 30 for excitation as an excitation mechanism 
and the single-mode planar lightwave circuit 31 for transmission 
as a transmission mechanism, miniaturization of the excitation 
mechanism and the transmission mechanism can be realized. 
[ 0112 ] 

In the fifth embodiment, on the transmitter side, when 
a light signal is supplied to the graded-index multimode optical 
fiber 10, only the base mode is excited by the single-mode planar 
lightwave circuit 30 for excitation. On the receiver side, a 
component which has been transferred to a high- order mode during 
transmission is eliminated by the single-mode planar lightwave 
circuit 31 for transmission and only the base mode is selectively 
led to the optical receiver 15. 

[0113] 

The operation of the optical transmission system 10 6 of the 
fifth embodiment will be described. 

[0114] 

First , the optical transmitter 20 transmits the incoherent 
light 90a, which is an optical signal converted from transmission 
data 82 input to the optical transmitter 20, toward the optical 
receiver 15. The incoherent light 90a transmitted from the 
optical transmitter 20 propagates through the graded-index 
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multimode optical fiber 40 for connection, passes through the 
single-mode planar lightwave circuit 30 for excitation and enters , 
as the incoherent light 90b, the graded- index multimode optical 
fiber 10. Since the incoherent light 90a propagates through 
the graded-index multimode optical fiber 40 for connection, 
variations in propagation delay caused by mode dispersion can 
be suppressed more than the case of using a step- index multimode 
optical fiber. Since the incoherent light 90a is limited to 
the base mode when it passes through the single-mode planar 
lightwave circuit 30, mode dispersion of the incoherent light 
90b propagating through the graded -index multimode optical fiber 
10 can be suppressed. 

[0115] 

The incoherent light 90c propagated through the 
graded-index multimode optical fiber 10 passes through the 
single -mode planar lightwave circuit 31 for transmission and 
propagates through the graded-index multimode optical fiber 4?0 
41 for connection. After that, the incoherent light 90c is 
transmitted as the incoherent light 90d toward the optical 
receiver 15. Since the incoherent light 90c is limited to the 
base mode when it passes through the single-mode planar lightwave 
circuit 31 for transmission and is transmitted toward the optical 
receiver 15, mode dispersion in the incoherent light 90d can 
be suppressed. Therefore, degradation of the received waveform 
in the optical receiver 1 5 can be prevented . Since the incoherent 
light 90c propagates through the graded-index multimode optical 
fiber 41 for connection, variations in propagation delay caused 




by the mode dispersion can be suppressed more than the case of 
using a step index multimode optical fiber. Further, the 
incoherent light is used as light transmitt ed/received between 
the optical transmitter 20 and the optical receiver 15, so that 
interference itself among the modes can be suppressed. 
Therefore, degradation in received waveform in the optical 
receiver 15 can be prevented. 

[0116] 

As described above, also in the fifth embodiment, 
degradation in the received waveform due to mechanical 
disturbance does not occur for reasons similar to those of the 
second embodiment . 

[0117] 

In the fifth embodiment, the graded-index multimode 
optical fiber 40 for connection is used to connect the optical 
transmitter 20 and the single-mode planar lightwave circuit 30 
for excitation and the graded-index multimode optical fiber 41 
for connection is used to connect the single-mode planar 
lightwave circuit 31 for transmission and the optical receiver 
15. In place of the graded-index multimode optical fibers 40 
and 41 for connection, single-mode optical fibers may be used 
for connection. 

[0118] 

It is also possible to directly couple the optical 
transmitter 20 and the single-mode planar lightwave circuit 30 
for excitation and directly couple the single-mode planar 
lightwave circuit 31 for transmission and the optical receiver 
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15. Various configurations are possible. 

( Sixth embodiment ) 

✓ 

[0119] 

FIG. 10 shows a sixth embodiment of the optical 
transmission system according to the present invention. The 
same reference numerals are designated to the same components 
as those in FIG. 2 . The configuration of the optical transmitter 
20 is similar to that in the first embodiment. 

In the sixth embodiment, an optical system 50 for 
excitation is provided in place of the single-mode optical filter 
13 as an excitation mechanism shown in FIG. 2 . An optical system 
51 for transmission is provided in place of the single-mode 
optical fiber 14 for transmission as a transmission mechanism. 

v 

Further , a graded- index multimode optical fiber 60 for connecting 
the optical transmitter 20 and the optical system 50 for 
excitation and a graded-index multimode optical fiber 61 for 
connecting the optical system 51 for transmission and the optical 
receiver 15 are provided. 

[ 0120 ] 

In the sixth embodiment, the optical system 50 for 
excitation as an excitation mechanism includes a lens that 
transmits the incoherent light 90a transmitted from the optical 
transmitter 20. A predetermined low-order mode in the 
incoherent light 90a transmitted from the optical transmitter 
20 is condensed by the lens and transmitted. The optical system 
51 for transmission as a transmission mechanism includes a lens 
that transmits the incoherent light 90c transmitted from the 
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optical system 50 for excitation as an excitation mechanism. 
A predetermined low- order mode in the incoherent light 90c 
transmitted from the optical system 50 for excitation as an 
excitation mechanism is condensed by the lens and transmitted. 
In the sixth embodiment, as a mechanism for exciting a specific 
mode, the optical system 50 for excitation including two lenses 
and a diaphragm capable of selectively condensing only low- order 
mode components having small angles of Incidence is used at the 
connection point between the graded-index multimode optical 
fiber 60 for connection connected to the optical transmitter 
20 and the graded-index multimode optical fiber 10. As a 
mechanism capable of transmitting the specif ic mode , the optical 
system 51 for transmission including two lenses and a diaphragm 
capable of selectively condensing only low-order mode components 
having small angles of incidence is used at the connection point 
between the graded-index multimode optical fiber 61 for 
connection connected to the optical receiver 15 and the 
graded-index multimode optical fiber 10. 

[ 0121 ] 

The operation of the optical system 50 for excitation as 

an excitation mechanism will now be described. The principle 

of operation of the optical system 51 for transmission as a 

■ 

transmission mechanism is similar to that of the optical system 
50 for excitation. 

[ 0122 ] 

The incoherent light 90a transmitted from the optical 
transmitter 20 propagates through the graded-index multimode 
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optical fiber 60 and enters a first lens 62 in the optical system 
50 for excitation. The distance between the graded-index 
multimode optical fiber 60 and the first lens 62 is made coincide 
with a focal length fl of the first lens 62. Consequently, the 
first lens 62 makes the incident incoherent light deflects so 
that light rays become parallel so that the parallel rays enter 
the diaphragm 63. 

[0123] 

Only the parallel rays which are incident on the diaphragm 
63 and pass through the aperture in the diaphragm 63 are incident 
on a second lens 64. By adjusting the aperture in the diaphragm 
63 , the mode of light passing through the aperture in the diaphragm 
63 can be made a low-order mode. Consequently, by making the 
incoherent light 90a pass through the diaphragm 63, mainly, 
low- order modes in the incoherent light 90a can be excited. 
[0124] 

The rays passed through the diaphragm 63 and incident on 
the second lens 64 are condensed by the second lens 64 and the 
condensed light enters the graded-index multimode optical fiber 
10 . The distance between the second lens 64 and the graded-index 
multimode optical fiber 10 is made coincide with a focal length 
f2 of the second lens 64 so that the rays of the incoherent light 
incident on the second lens 64 are condensed to the graded-index 
multimode optical fiber 10. 

[0125] 

Although the optical system 50 includes two lenses and 
one diaphragm in the fifth embodiment, by applying, as the first 



45 




lens 62, a lens having a small diameter which can transmit mainly 
low- order modes in the incoherent light 90a, the diaphragm 63 
may be omitted. In this case, the number of parts is smaller, 
so that optical system 50 for excitation can be made compact. 
[0126] 

By using the optical systems 50 and 51 , specified low-order 
mode components whose angles of incidence with respect to the 
center axis in the graded- index multimode fiber 10 are small 
and whose power is concentrated in and around the core center 
can be excited, and the resultant light can be passed. 

[0127] 

Therefore, on the transmitter side, only the specific 
low-ordermodes are excited in the graded- index multimode optical 
system 10 connected to the optical system 50 for excitation. 
On the receiver side , by using a similar optical system, component 
transited to high-order modes during transmission are eliminated , 
and only the specific low-order modes can be selectively 

J 

received* 

[0128] 

Also in the sixth embodiment, degradation in the received 
waveform due to mechanical disturbance does not occur for reasons 
similar to those of the second embodiment* 

[0129] 

In the sixth embodiment, the graded- index multimode 
optical fiber 60 for connection is used to connect the optical 
transmitter 20 and the optical system 50 for excitation, and 
the graded-index multimode optical fiber 61 for connection is 
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used to connect the optical system 51 for transmission and the 
optical receiver 15. In place of the graded-index multimode 
optical fiber 60 and 61 for connection, single-mode optical 
fibers may be used for connection . 

[0130] 

The optical transmitter 20 and the optical receiver 15 
may be directly coupled to each other. Various configurations 
are possible. 

[0131] 

( Seventh embodiment ) 

FIG. 11 shows a seventh embodiment of the optical 
transmission system according to the present invention. The 
same reference numerals are designated to the same components 
as those in FIG . 2 . The configuration of the optical transmitter 
20 is similar to that in the first embodiment. 

[0132] 

In the seventh embodiment, a diaphragm 70 for excitation 
is provided in place of the single -mode optical filter 13 as 
an excitation mechanism shown in FIG. 2. A diaphragm 71 for 
transmission is provided in place of the single-mode optical 
fiber 14 for transmission as a transmission mechanism. Further, 
a graded-index multimode optical fiber 80 for connecting the 
optical transmitter 20 and the diaphragm 70 for excitation and 
a graded-index multimode optical fiber 81 for connecting the 
diaphragm 71 for transmission and the optical receiver 15 are 
provided. 

[ 0133 ] 
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In the seventh embodiment , the diaphragm 70 for excitation 
as an excitation mechanism includes a diaphragm having an 
aperture that transmits the incoherent light 90a transmitted 
from the optical transmitter 20 . A predetermined low-order mode 
in the incoherent light 90a transmitted from the optical 
transmitter 20 is selected by the diaphragm and transmitted. 
The diaphragm 71 for transmission as a transmission mechanism 
includes an aperture that transmits the incoherent light 90c 
transmitted from the diaphragm 7 0 for excitation as an excitation 
mechanism. A predetermined low- order mode in the incoherent 
light 90c transmitted from the diaphragm 70 for excitation as 
an excitation mechanism is selected by the diaphragm and 
transmitted. In the seventh embodiment, as a mechanism for 
exciting a specific mode, the diaphragm 70 for excitation is 
used at the connection point between the graded- index multimode 
optical fiber 80 for connection connected to the optical 
transmitter 20 and the graded-index multimode optical fiber 10 . 
As a mechanism capable of transmitting the specific mode, the 
diaphragm 71 for transmission is used at the connection point 
between the graded-index multimode optical fiber 81 for 
connection connected to the optical receiver 15 and the 
graded-index multimode optical fiber 10. 

[0134] 

By using the diaphragms 70 and 71, specified low-order 
mode components whose angles of incidence with respect to the 
center axis in the graded-index multimode fiber 10 are small 
and whose power is concentrated in and around the core center 
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can be excited, and the resultant light can be transmitted. 
[0135] 

The operation of the diaphragm 70 for excitation as an 
excitation mechanism will now be described. The principle of 
operation of the diaphragm 71 for transmission as a transmission 
mechanism is similar to that of the diaphragm 70 for excitation. 
[0136] 

The incoherent light 90a transmitted from the optical 
transmitter 20 propagates through the graded- index multimode 
optical fiber 80 and enters a diaphragm 65 in the diaphragm 70 
for excitation. The light incident on the diaphragm 65 passes 
through the diaphragm 65 only by the amount corresponding to 
the aperture in the diaphragm 65, and enters the graded-index 
multimode optical fiber 10 . Consequently, by adjusting the size 
of the aperture in the diaphragm 65, the mode of the coherent 
light 90a passing through the aperture in the diaphragm 65 can 
be made a low- order mode. 

[0137] 

Although the diaphragm 70 for excitation includes one 
diaphragm in the embodiment , it may include two diaphragms . 
[0138] 

FIG. 12 is a schematic configuration diagram showing 
another example of the configuration of the diaphragm 70 for 
excitation . 

[ 0139] 

The diaphragm for excitation shown in FIG. 12 includes 
a first diaphragm 66 transmitting the incoherent light 90a 
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transmitted from the optical transmitter 20 and a second 
diaphragm 67 transmitting incoherent light 90k passed through 
the first diaphragm 66. 

[0140] 

When the configuration of the diaphragm 70 for excitation 
shown in FIG. 11 is replaced by the configuration of FIG. 12, 
incoherent light 90 j in a high- order mode emitted from not the 
center but the peripheral part of the graded-index multimode 
optical fiber 80 and passed through the first diaphragm 66 can 
be blocked by the second diaphragm 67. Even when incoherent 
light emitted from not the center but the peripheral part of 
the graded-index multimode optical fiber 80 is used, mainly 
low-order modes pass through the second diaphragm 67. 
Consequently, the re jectionratio of high- order modes in the 
incoherent light 90a can be increased. 

[0141] 

To the diaphragm 71 for transmission shown in FIG. 11, 
the configuration shown in FIG. 12 can be applied. 

[0142] 

As described above, also in the seventh embodiment, for 
reasons similar to those of the second embodiment, degradation 
in the received waveform due to mechanical disturbance does not 
occur . 

[0143] 

In the seventh embodiment, it Is not always easy to extract 
pure specif ic mode components . However, the relative intensity 
of remaining components other than the specific mode can be 
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suppressed to a portion as much as it does not disturb practical 
use . 

[0144] 

Although the case of singly using the diaphragm 70 for 
excitation and the diaphragm 71 for transmission has been 
described in the embodiment , there are various possible 
configurations such as a configuration in which a diaphragm is 
incorporated in a connection point of a connector for connecting 
an optical fiber. 
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